Some thoughts and references on circulation and bio-physical modelling:
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The literature list here is far from exhaustive. I propose a set of papers that I see as being potentially useful as seeds for where we might go to address the physical oceanographic and coupled physics-bio aspects of the problem.  But this is predicated on my understanding of the issues, which is incomplete.

If spawning and settlement occur in relatively localized sites or zones, then quite detailed information on the medium scale regional horizontal circulation is important. This could be used to simulate dispersal kernels for both source and sink regions.

My reading suggests passive advection in the veliger stage is really only active for about 3 weeks at most (temperature dependent). So there is scope to simulate this rather well with high resolution coastal models provided they incorporate sufficient physics. Observational programs designed to provide sufficient data to validate key physical transport processes could be designed, but I see some challenges to this because the relevant physics extend beyond what can be captured with a few moored current meters. This is because we have a very broad and shallow shelf with significant wave activity. But talking with Andrew the relevant larval stages could be up to 3 months. So does this mean we are also interested in the stages (pediveliger?) where the larvae may be detaching and re-settling? If so, we have a gnarly behaviour model to incorporate – but it could be quite interesting to have a go. 

The aspects of the regional physical oceanography that I interpret to be relevant are:

Horizontal circulation:  on time scales of 3 weeks, for a wide shallow coastal ocean, winds, tides, waves and vertical turbulence mixing are likely equally important. 

Recent work on cross-shelf circulation on a shallow shelf where winds, waves and tides are active (the environs of WHOI’s MVCO) includes:

Fewings, M., S. J. Lentz, and Janet Fredericks, 2008. Observations of cross-shelf flow driven by cross-shelf winds on the inner continental shelf.  Journal of Physical Oceanography, 38 (11), 2358-2378.

Lentz, S.J., M. R. Fewings, J. Fredericks, P. Howd, and K. K. Hathaway, 2008. Observations and a model of undertow over the inner continental shelf. Journal of Physical Oceanography, 38 (11), 2341-2357.

The undertow paper may be especially relevant if we need to concern ourselves with movement along the seabed of algae to which the spat have settled temporarily. If this process is important, modelling and observing the wave climate become critical, as does the inclusion of wave-current interaction in any model and a relatively sophisticated treatment of the vertical turbulence closure.

References in the above to work at Duck, N.C., will be relevant. The North Carolina coastline at Duck looks a lot like Ninety Mile Beach: 

Lentz, S.J. 1995. Sensitivity of the inner-shelf circulation to the form of the eddy viscosity profile. Journal of Physical Oceanography 25:19–28. 

Lentz, S.J., R.T. Guza, S. Elgar, F. Feddersen, and T.H.C. Herbes. 1999. Momentum balances in the North Carolina inner shelf. Journal of Geophysical Research 104:18,205–18,226.

There is a substantial literature on bio-physical modelling of blue mussels by Matthew R. Gilg and Thomas J. Hilbish.  (Complete list at http://www.unf.edu/coas/biology/Facultypages/mgilg.html) :
These two seem the most relevant:

Matthew R. Gilg and Thomas J. Hilbish.  2003.  Dispersal patterns of mussel larvae throughout a hybrid zone in Southwest England.  Evolution.  57:  1061-1077.

Matthew R. Gilg and Thomas J. Hilbish.  2003.  Geography of marine larval dispersal:  Coupling genetics with fine-scale physical oceanography.  Ecology.  84:  2989-2998.

But there are others …

Matthew R. Gilg and Thomas J. Hilbish.  2003.  Spatio-temporal patterns of larval settlement and genetics in a blue mussel hybrid zone.  Marine Biology.  143:  679-690.

Hilbish, T.J., E.W. Carson, J. R. Plante, L.A. Weaver, and M.R. Gilg.  2002.  Distribution of Mytilus edulis, M. galloprovincialis, and their hybrids in open-coast populations of mussels in southwest England.  Marine Biology.  140:  137-142.

Matthew R. Gilg and Kipp C. Kruse.  2003.  Reproduction effects lifespan in the Giant Waterbug, Belostoma flumineum.  Am. Mid. Nat.  149:  306-319.

Matthew R. Gilg and Thomas J. Hilbish.  2000.  The Relationship Between Allele Frequency and Tidal Height in a Blue Mussel Hybrid Zone, a Test of the Differential Settlement Hypothesis.   Marine Biology.  137:  371-378.

… including other populations:

Anthony S. Anderson, A.L. Bilodeau, M.R. Gilg, and T.J. Hilbish.  2002.  Distribution of the blue mussels Mytilus galloprovincialis, M. trossulus and their hybrids in the Puget Sound and Hood Canal.  J. Shell. Res.  21:  75-79

Young E.F., Bigg G.R., Grant A. (1996) A statistical study of environmental influences on bivalve recruitment in The Wash, Marine Ecology Progress Series, 143: 121-129

McQuaid C.D., Phillips T.E. (2000) Limited wind driven dispersal of intertidal mussel larvae: in situ evidence from the plankton and the spread of the invasive species Mytilus galloprovincialis, Marine Ecology Progress Series, 201: 211–220.

Looking for studies of other larval dispersal processes on wide tidally and wind forced shelves I know of:

Garvine, R.W., C.E. Epifanio, C.C. Epifanio, and K.C. Wong. 1997. Transport and recruitment of blue crab larvae: A model with advection and mortality. Estuarine Coastal and Shelf Science 45(1):99–111.

Hare, J.A., J.A. Quinlan, F.E. Werner, B.O. Blanton, J.J. Govoni, R.B. Forward, L.R. Settle, and D.E. Hoss. 1999. Larval transport during winter in the SABRE study area: Results of a coupled vertical larval behavior-three-dimensional circulation model. Fisheries Oceanography 8(supplement 1):57–76.

What else I have here is of uncertain value. These are references I’ve come across but not read, but are by people I generally trust. I have not verified the references are correct – sorry. But I can do so. If you are having trouble getting electronic copes of anything I have access to the MBL/WHOI Library e-journals, and it something isn’t there is probably is no available online. 

Largier, J.G. 2003. Considerations in estimating larval dispersal distances from oceanographic data. Ecological Applications 13:S71–S89.

Natunewicz, C.C., and C.E. Epifanio. 2001. Spatial and temporal scales of patches of crab larvae in coastal waters. Marine Ecology Progress Series 212:217–222.

Paris, C.B., R.K. Cowen, R. Claro, and K.C. Lindeman. 2005. Larval transport pathways from Cuban snapper (Lutjanidae) spawning aggregations based on biophysical modeling. Marine Ecology Progress Series 296:93–106.

Paris, C.B., and R.K. Cowen. 2004. Direct evidence of a biophysical retention mechanism for coral reef fish larvae. Limnology and Oceanography 49:1,964–1,979.

Pineda, J. 2000. Linking larval settlement to larval transport: Assumptions, potentials, and pitfalls. Oceanography of the Eastern Pacific I:84–105.

Pineda, J., and M. López. 2002. Temperature, stratification and barnacle larval settlement in two Californian sites. Continental Shelf Research 22:1,183–1,198.

Pineda, J., V.R. Starczak, and T. Stueckle. 2006. Timing of successful settlement: Demonstration of a recruitment window in Semibalanus balanoides. Marine Ecology Progress Series 320:233–237.

Quinlan, J.A., B.O. Blanton, T.J. Miller, and F.E. Werner. 1999. From spawning grounds to estuary: Using linked individual-based and hydrodynamic models to interpret patterns and processes in the oceanic phase of Atlantic menhaden Brevoortia tyrannus life history. Fisheries Oceanography 8(s2):224–246.

Sponaugle, S., R.K. Cowen, A.L. Shanks, S.G. Morgan, J. Leis, J. Pineda, G. Boehlert, M.J. Kingsford, K. Lindeman, C. Grimes, and J.L. Munro. 2002. Predicting self-recruitment in marine populations: Biophysical correlates and mechanisms. Bulletin of Marine Science 49:341–375.

Tapia, F., J. Pineda, F. Ocampo-Torres, H. Fuchs, E. Parnell, P. Montero, and S. Ramos. 2004. High-frequency observations of wind-forced onshore transport at a coastal site in Baja California. Continental Shelf Research 24:1,573–1,585.

